INTRODUCTION: N-terminal pro-B-type natriuretic peptide (NT-proBNP) predicts adverse cardiac outcome in patients undergoing vascular surgery. However, several conditions might influence this prognostic value, including anemia. In this study, we evaluated whether anemia confounds the prognostic value of NT-proBNP for predicting cardiac events in patients undergoing vascular surgery. METHODS: A detailed cardiac history, resting echocardiography, and hemoglobin and NT-proBNP levels were obtained in 666 patients before vascular surgery. Anemia was defined as serum hemoglobin Ͻ13 g/dL for men and Ͻ12 g/dL for women. Troponin T measurements and 12-lead electrocardiograms were performed on postoperative days 1, 3, 7, and 30 and whenever clinically indicated. The primary end point of the study was the composite of 30-day postoperative cardiovascular death, nonfatal myocardial infarction, and troponin T release. Receiver operating characteristic curve analysis was used to assess the optimal cutoff value of NT-proBNP for the prediction of the composite end point. Multivariable regression analysis was used to assess the additional value of NT-proBNP for the prediction of postoperative cardiac events in nonanemic and anemic patients. RESULTS: Anemia was present in 206 patients (31%) before surgery. Hemoglobin level was inversely related with the NT-proBNP levels (␤ coefficient ϭ Ϫ2.242; P ϭ 0.025). The optimal predictive cutoff value of NT-proBNP for predicting the composite cardiovascular outcome was 350 pg/mL. After adjustment for clinical cardiac risk factors, both anemia (odds ratio [OR] 1.53; 95% confidence interval [CI]: 1.07-2.99) and increased levels of NT-proBNP (OR 4.09; 95% CI: 2.19 -7.64) remained independent predictors for postoperative cardiac events. However, increased levels of NT-proBNP were not predictive for the risk of adverse cardiac events in the subgroup of anemic patients (OR 2.16; 95% CI: 0.90 -5.21). CONCLUSIONS: Both anemia and NT-proBNP are independently associated with an increased risk for postoperative cardiac events in patients undergoing vascular surgery. NT-proBNP has less predictive value in anemic patients.
In patients with extensive comorbidities scheduled for major vascular surgery, a simple screening biomarker associated with adverse cardiac events would be useful for identifying those patients who might benefit from additional cardiac diagnostic testing or therapeutic interventions. N-terminal pro-B-type natriuretic peptide (NT-proBNP) is synthesized in the ventricular myocardium in response to ventricular wall stress, such as in heart failure and coronary artery disease. 1, 2 It has been suggested that measurement of NT-proBNP levels might improve preoperative cardiac risk stratification for surgical patients. [3] [4] [5] Anemia is independently related to both increased NT-proBNP levels 6 -8 and adverse cardiac outcome after vascular surgery. 9 It is unknown whether the association between anemia and increased NT-proBNP levels is attributable to subclinical ventricular dysfunction, coronary artery disease, or both. Nonetheless, anemia may be an important confounding variable that may affect the prognostic value of NT-proBNP levels for predicting cardiac risk for surgical patients. To further increase the diagnostic accuracy of NT-proBNP for preoperative screening, it is important to identify factors that influence NT-proBNP levels and their interaction with identifying risk for adverse events. The purpose of this study was to evaluate whether anemia influences the prognostic value of preoperative NT-proBNP levels for identifying patients undergoing vascular surgery at risk for adverse cardiac events.
METHODS
The study population consisted of 666 consecutive patients undergoing elective noncardiac vascular surgery at the Erasmus Medical Center, Rotterdam, The Netherlands, during the period June 2004 to April 2008. These patients were identified in a prospectively maintained database of all patients undergoing vascular surgery at this institution. The Medical Ethics Committee of the hospital was informed about the study, and all procedures of this retrospective study met with the approval of the Medical Ethics Committee of the Erasmus Medical Center.
Study Procedures
Before surgery, a detailed cardiac history was obtained including the use of cardiovascular medication and the presence of cardiac risk factors. The latter included age, angina pectoris, prior myocardial infarction, history of heart failure or current congestive heart failure, prior stroke or transient ischemic attack, diabetes mellitus (fasting glucose level Ն7.0 mmol/L or medication to control diabetes), renal dysfunction (defined as an estimated glomerular filtration rate Ͻ60 mL ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 using the Modification of Diet in Renal Disease formula 10 ), hypertension (arterial blood pressure Ն140/90 mm Hg or medical therapy to control hypertension), and hypercholesterolemia (plasma cholesterol level Ն5.5 mmol/L or treatment with lipid-lowering drugs). Other data collected included history of chronic obstructive pulmonary disease (defined as a forced expiratory volume in 1 s Ͻ70% of age and gender predictive value), site of surgery (abdominal aortic, peripheral, or carotid), and type of procedure (endovascular or open). Peripheral venous blood samples were obtained for measurement of hemoglobin and NT-proBNP levels in all patients during the preoperative outpatient clinic visit or at hospital admission. The NT-proBNP concentration was determined using an electrochemoluminescence assay on an Elecsys 2010 (Hoffman-La Roche, Basel, Switzerland). The method is a "sandwich"-type quantitative immunoassay based on polyclonal antibodies against epitopes in the N-terminal part of proBNP. The lower detection limit was 5 pg/mL. Intraassay coefficients of variance at 271 and 6436 pg/mL were 1.9% and 0.9%, respectively. Assays were performed by a laboratory technician blinded to the patients' clinical data.
The preoperative hemoglobin value was defined as the last measurement obtained before surgery. Preoperative anemia was defined based on World Health Organization criteria as a serum hemoglobin level Ͻ13 g/dL for men and Ͻ12 g/dL for women. 11 Preoperatively, patients underwent a 2-dimensional transthoracic echocardiographic examination at rest. Left ventricular (LV) ejection fraction (LVEF) was assessed in the apical, 4-or 2-chamber views. Quantification of the LV volumes was performed using the modified Simpson's rule. The LVEF was calculated as (LV end systolic volume Ϫ LV end-diastolic volume) ϫ 100/LV end-diastolic volume. Impaired LV systolic function was considered when the LVEF was Ͻ40%. Congestive heart failure was defined as suggestive clinical signs and symptoms with pulmonary congestion on chest radiograph in the presence of impaired LV function.
Twelve-lead electrocardiography (ECG) and serum cardiac troponin T measurements were performed immediately before surgery and on postoperative days 1, 3, 7, and 30 or at hospital discharge and whenever clinically indicated. ECG data were initially processed by a technician and analyzed by 2 experienced investigators who were blinded to patients' clinical data. Troponin T level was measured using a whole blood rapid test (TropT version 2, Roche Diagnostics, Mannheim, Germany). The upper limit of normal for this assay is 0.03 ng/mL.
Study End Points
The primary end point of this study was the composite outcome of death within 30 days of surgery because of cardiac events, nonfatal myocardial infarction, and increased serum cardiac troponin T levels, which was considered to be a non-Q wave myocardial infarction. Cardiovascular death was defined as any death with a cardiovascular cause, including those deaths after a cardiac procedure, cardiac arrest, myocardial infarction, pulmonary embolus, stroke, or sudden deaths not ascribed to other causes. A myocardial infarction was defined as the presence of 2 of the following 3 criteria: 1) characteristic ischemic symptoms lasting Ͼ20 min, 2) ECG changes including acute ST elevation, followed by appearance of Q waves or loss of R waves, new left bundle-branch block, new persistent T wave inversion for at least 24 h, or new ST segment depression that persisted Ͼ24 h, or 3) a positive value for troponin T, defined as Ͼ0.10 ng/mL. 12 
Data Analysis
Continuous data with a normal distribution are expressed as means and were compared using Student's t-test. Continuous data with a significant skewed distribution are expressed as medians and were compared using the Mann-Whitney U-statistic test. Data are presented as percentages unless otherwise indicated. The association between hemoglobin and NT-proBNP plasma levels and the composite cardiovascular outcome was assessed using multivariable linear regression analysis adjusted for age (per decade), angina pectoris, myocardial infarction, heart failure, stroke, diabetes mellitus, renal dysfunction, and site and type of surgery. Receiver operating characteristic curve analysis was used to assess the optimal cutoff value of NT-proBNP for the prediction of the composite end point. The optimal value of NT-proBNP for predicting the postoperative composite cardiac outcome was defined as the concentration with the largest sum of sensitivity plus specificity. Univariable and multivariable logistic regression analyses were used to evaluate the relationship among anemia, increased levels of NT-proBNP, and the study end point. Interaction between anemia and NT-proBNP was evaluated by forcing this interaction term in the multivariable regression model. Subgroup analyses for the prognostic value of increased levels of NT-proBNP were conducted when there was a statistically significant interaction term. We report crude and adjusted odds ratios (ORs) and their 95% confidence intervals (95% CIs). For all tests, a P value Ͻ0.05 (2 sided) was considered significant. All analyses were performed using SPSS version 15.0 statistical software (SPSS, Chicago, Illinois).
RESULTS
Of the 666 patients, 250 underwent abdominal aortic aneurysm repair, 218 underwent lower limb arterial reconstructions, and 198 underwent carotid artery surgery. Baseline characteristics of the patients are presented in Table 1 . Endovascular procedures comprised 30% of the studied surgical procedures (40% abdominal aortic, 8% lower limb, and 43% carotid artery). Most of the patients were men (76.6%), and the mean age was 68.2 Ϯ 10.5 yr. Anemia was present in 206 patients (31%). Univariate factors associated with anemia were diabetes mellitus (P ϭ 0.001), a history of a myocardial infarction (P ϭ 0.010), previous coronary intervention (P Ͻ 0.001), renal dysfunction (P Ͻ 0.001), and heart failure (P ϭ 0.002). Notably, patients with a history of stroke were less likely to have anemia (P ϭ 0.002). Except for diuretics (P ϭ 0.018), no association was seen between medication use and the incidence of anemia. Importantly, median levels of NT-proBNP were significantly higher in anemic compared with nonanemic patients (624.8 and 141.4 pg/mL, respectively; P Ͻ 0.001). Hemoglobin levels were inversely related to NT-proBNP levels (␤ coefficient for log-NT-proBNP for each 0.1-point increase in hemoglobin level was Ϫ0.063; P Ͻ 0.001). Ninety-one patients (14.3%) experienced the composite end point of cardiovascular death, nonfatal myocardial infarction, or non-Q wave myocardial infarction. Of these patients, 41 (6.2%) experienced ECG changes compatible with myocardial infarction. Thirteen patients (1.9%) had a cardiovascular death.
Anemia was more frequent in patients with the composite cardiovascular end point compared with those without postoperative cardiac events (51.6% and 27.8%, respectively; P Ͻ 0.001). Moreover, baseline NT-proBNP levels in the patients with a postoperative cardiac event were significantly higher than in those without an event (763.1.3 and 169.2 pg/mL, respectively; P Ͻ 0.001). Using receiver operating characteristic curve analysis, the optimal value of NT-proBNP for predicting an adverse cardiac event was 350 pg/mL. The sensitivity and specificity of predicting this event for patients with a serum NT-proBNP level Ն350 pg/mL were 71% and 72%, respectively (area under the curve: 0.78; 95% CI: 0.72-0.83) (Fig. 1) . In separate adjusted multivariate logistic regression models, the presence of preoperative anemia and increased levels of NT-proBNP were both predictive of postoperative cardiac events with ORs of 1.53 (95% CI: 1.07-2.99) and 4.09 (95% CI: 2.19 -7.64), respectively ( Table 2 ). The sensitivity of anemia for detecting the postoperative outcome is 56.0% and specificity 91.4%. Importantly, because the interaction term between anemia and NT-proBNP was significant (P ϭ 0.004) for the prediction of the study end point, we conducted a subgroup analysis for nonanemic and anemic patients. Figure 2 shows that, after adjustment for clinical cardiac risk factors, and site and type of surgery, an increased level of NT-proBNP has no predictive value of the composite outcome in anemic (OR 2.16; 95% CI: 0.90 -5.21) compared with nonanemic patients (OR 5.59; 95% CI: 2.23-13.97).
DISCUSSION
In this study, an association was observed between increased preoperative NT-proBNP levels and the risk for postoperative cardiac events in patients undergoing vascular surgery. However, our results demonstrate that anemia is a confounding factor in this relationship. Although preoperative NT-proBNP levels were additive to clinical risk factors for identifying risk for postoperative cardiovascular events in patients without anemia, NT-proBNP had less predictive value in those with anemia.
Postoperative cardiac events in patients undergoing vascular surgery are more common in patients with preoperative myocardial ischemia, LV dysfunction, and valve abnormalities compared with patients without these conditions. 13, 14 Several studies have shown that serum NT-proBNP is an independent predictor of postoperative cardiac events. [3] [4] [5] Because NT-proBNP is synthesized in the ventricular myocardium in response to ventricular wall stress, 1,2 the most obvious explanation for this association is increased ventricular pressure in response to myocardial ischemia and/or systolic dysfunction in patients prone to adverse postoperative cardiac events. In addition, noncardiac factors, such as renal dysfunction, pulmonary hypertension, chronic obstructive pulmonary disease, and body mass index, might influence NT-proBNP levels. 15, 16 In these patients with extensive comorbidities, an inexpensive, simple, and objective screening test can identify patients at increased risk. Previous studies have shown that the presence of preoperative anemia increases the risk of death or serious morbidity, 17, 18 especially in patients with a history of cardiovascular disease. 19 Recently, Dunkelgrun et al. 9 studied the contribution of anemia to the risk of perioperative and long-term cardiac outcome in 1211 patients undergoing elective noncardiac open vascular surgery. They found that the presence and severity of anemia are significant predictors of 30-day and 5-yr cardiac events, regardless of underlying heart failure or renal dysfunction. Our findings that also included patients undergoing endovascular procedures seem to confirm these findings.
Anemia is common in patients with chronic heart failure and chronic renal insufficiency and is related to adverse outcomes in these populations. 20, 21 The cause of anemia is largely uncertain and is likely to be multifactorial. Lower hemoglobin levels can be associated with hemodilution (pseudoanemia) in heart failure 20 or can be caused and/or worsened by various mechanisms, such as malnutrition, 22 iron or vitamin deficiencies, 22 and bone marrow depression caused by increased levels of proinflammatory cytokines. 23 However, anemia may also enhance subclinical cardiac risk factors, such as mild coronary artery disease and LV dysfunction, because cardiac oxygen extraction ratio may be limited. 24, 25 In addition, heart failure can cause renal dysfunction as a consequence of forward failure leading to a reduction of renal perfusion and subsequently anemia by a reduction of erythropoietin production. 26, 27 In our study population using World Health Organization criteria for anemia, 11 more than 30% of patients were anemic before surgery. Because NT-proBNP is released in response to ventricular plasma overload, 28 NT-proBNP levels are higher in anemic compared with nonanemic patients. The effect of anemia on the plasma concentration of NT-proBNP has been reported in patients with heart failure and established coronary artery disease. 29, 30 Nonetheless, hemoglobin seems to be inversely associated with NT-proBNP even after adjustment for these factors. 31 In this study, we found that anemia in vascular surgery patients was an independent predictor of NT-proBNP when adjusted for known confounders. Using multivariate analyses, we adjusted for heart failure and renal dysfunction, both factors frequently associated with fluid retention. Thus, one explanation for our findings of an independent association between anemia with NT-proBNP levels is that anemia may result in tissue hypoxemia 32 or subclinical fluid retention resulting in hemodilution. 33, 34 These results raise the possibility that anemia may be associated with increased ventricular pressure and myocardial strain even before evidence of clinical ventricular dysfunction can be detected. This might confound the screening value of NT-proBNP to predict postoperative cardiac events, as is shown in our results.
The clinical implications of our findings are that patients scheduled for major vascular surgery could potentially be screened for adverse cardiac outcome with a relatively simple and objective test, NT-proBNP. However, especially in those patients who might benefit most, i.e., those with heart failure and renal disease in whom American College of Cardiology/American Heart Association guidelines recommend additional noninvasive testing, 35 the prognostic value is reduced in the presence of anemia, whereas in nonanemic patients, the prognostic value is excellent.
The potential limitations of these data merit consideration. First, the study population consisted of patients referred to a tertiary referral center and may not fully represent a general population scheduled for elective vascular surgery. Second, our analyses are based on single baseline determinations of NT-proBNP and hemoglobin levels. As such, we could not address the potential importance of hemoglobin change over time, especially in patients with heart failure and renal dysfunction. Furthermore, the effects of unmeasured confounding variables or complex interactions between covariates, such as perioperative in-stent thrombosis, on the observed association and end points cannot be excluded. Third, we did not have enough information on preoperative blood transfusion to justly incorporate this in our analysis. Previous studies have shown divergent views regarding pre-and postoperative blood transfusion in vascular surgery, cardiac surgery, and patients with acute coronary syndromes. 36 -39 Further research is needed to assess the effect of preoperative correction of anemia in vascular surgery patients for the reduction of postoperative cardiac events. Regardless of these limitations, our study suggests that anemia should be considered during the interpretation of preoperative NT-proBNP levels. Moreover, it confirms the previous reports regarding the influence of anemia on NT-proBNP levels.
